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Methods. This population-based In the United States, the annual age- the poor prognosis ofmultiple myeloma, ampid
case-control study included 573 cases adjusted incidence and mortality rates for mul- reporting system was developed to identify and
(206 Blacks and 367 Whites) with new tiple myeloma rose sharply from the 1950s to interview cases. The average interval between
diagnoses of multiple myeloma identi- the 1980s and then leveled off, with rates 2-fold diagnosis and interview was 128days.Among
fled between August 1, 1986, and higher among Blacks than among Whites.l"2 both Black and White eligible cases, approxi-
April 30, 1989, and 2131 controls (967 The causes of multiple myeloma, the reasons mately 7% were too ill to be interviewed, and
Blacks and 1164 Whites) from 3 US ge= for the rise and stabilization of incidence rates, 21% died before they could be interviewed.
ographic areas. Information on occupa- and the reasons for the racial disparity in inci- Population controls were selected from
lion, income, and edacafion was obtained dence are unclear.3Socioeconomic status (SES) the same geographic areas as the cases, pro-
by personal interview, as an independent risk factor has been evalu- portional to the expected race, sex, and age dis-

Results. Inverse gradients in risk ated in several epidemiologic studies of mul- tribution of the cases for the 4 cancer sites corn-
were associated with occupation-based tiple myeloma, with an increased risk associ- bined, based on incidence data from the 3 study
SES, income, and education. Risks were ated with higher SES in some studies 4-6 and areas. Controls younger than 65 years were se-
significantly elevated for subjects in the with lower SES in others. 7-9 lected by random-digit dialing; we used a
lowest categories of occupation-based We examined the effect of occupation- 2-step selection process that involved identi-
SES (odds ratio [OR] = 1.71, 95% con- based SES, income, and education on multiple fication of eligible households followed by se-
fidence interval [CI] = 1.16, 2.53), edu- myeloma in a multicenter population-based lection of eligible controls (i.e., controls in the
cation (OR = 1.36, 95% CI= 1.06, 1.75), case-control study among US Blacks and designated race-sex-age stratum), mControls
and income (OR = 1.43, 95% CI= 1.05, Whites. Our purpose was to assess the relation aged 65 to 79 years were randomly selected
1.93). Occupation-based low SES ac- between SES and risk of multiple myeloma
counted for 37% of multiple myeloma and to evaluate the effects of SES on the dis-
in Blacks and 17% in Whites, as well as parity in incidence rates between Blacks and Dalsu Baris, Linda Morris Brown,Debra T. Silver-
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from rosters of Medicare recipients for each of training required for that particular job)pre- Whites (193 men and 174 women). The re-
study area provided by the Health Care Fi- sented in the 1987 version of CFKR Career sponse rate was 67% among both Blacks and
nancing Administration stratified by race, sex, Materials (CFKR Career Materials, Meadow Whites for the random-digit-dialed controls
and age. Vista, Calif). Our scoring system has not been and 6 1% among Blacks and 57% among

Cases and controls were interviewed in validated directly, but SES-related associations Whites for the Health Care Financing Admm-
person by trained interviewers. Detailed infor- that use this system have been observed in our istration controls. We conducted analyses with
marion was obtained on sociodemographic fac- previous studies. 12"t3 967 Black controls (614 men and 353 women)
tors, medical history, use of alcohol and to- We used unconditional lo_sfic regression and 1164 White controls (742 men and 422
bacco, dietary, factors, and lifetime occupational to estimate odds ratios (ORs) and approximate women).
history. Subjects also were asked to report their 95% confidence intervals (CIs) for multiple
total income (including money received by myeloma, with adjustments for age (30-39,
their spouse) before taxes for the past calen- 40-49, 50-59, 60-69, >70); study area (At- Results
dar year. the number of persons supported by lanta, Detroit, New Jersey): and, where appro-
this income, and the highest level of school- priate, race and sex) 4SES variables were en- As shown in Table 1, White subjects
ing completed, tered in the models as dummy variables, tended to have higher occupation-based SES,

Informarion obtained on usual occupa- Ordinal variableswere used to test for trend.We income, and educationthan did Blacks. In both
tion title was coded according to the Standard used the EPICURE program for personal coln- races combined, the risks of multiple myeloma
Occupational Classification Manual. _ A puters _5to obtain odds ratios and 95% confi- were associated with lower occupation-based
3-level occupation-based SES score (high, dence intervals. To quantify, the proportion of SES (Pt=a =.0005), income (P_._a=.009), and
medium, low) was assi_ed to each Standard excess risk among Blacks that might be ex- education (P_d=.010) (Table 2). Risks were
Occupational Classification code. We decided plained by low SES, we computed the popu- significantly elevated for subjects in the low-
to have 3 occupation-based SES levels to avoid lation attributable risks and 2-sided 95% con- est categories of occupation-based SES (OR =
a potential small numbers problem. The usual fidence intervals (adjusted for age, sex, and 1.71, 95% CI = 1.16, 2.53), education (OR=
occupation was defined asthe longestjob held. study area) by the methods of Bmzzi et al.t6 1.36, 95% CI= 1.06, 1.75), and income (OR=
The mean duration of the usual occupation was and Benichou and Gail,r respectively. 1.43, 95% CI = 1.05, 1.93). The gradients in
24 years (25 years for Whites, 22 years for Of the 309 Black and 581 White cases risk were similar for Blacks and Whites.

Blacks). This occupation-based SES indicator identified for the study, interviews were suc- When we adjusted the occupation-based
was created by one of us (M.D.) with infor- cessfully conducted with 206 (66.7%) Blacks SES analysis by income and education, the as-
marion (average earnings and number of years (91 men and 115 women) and 367 (63.2%) sociation between low occupation-based SES

TABLE 1--Distribution of Cases and Controls by Sociodemographic Factors: Multicenter Population-Based Case-Control
Study Among US Blacks and Whites, 1986-1989

Blacks Whites
Cases Controls Cases Controls

n % n % n % n %

Studysite
Atlanta 39 18.9 196 20.3 25 6.8 252 21.6
Detroit 89 43.2 420 43.4 167 45.5 443 38.1
New Jersey 78 37.9 351 36.3 175 47.7 469 40.3

Age, y
30-39 9 4.4 26 2.7 3 0.8 27 2.3
40-49 22 10.7 101 10.4 19 5.2 150 12.9
50-59 41 19.9 242 25.0 74 20.2 332 28.5
60-69 79 38.3 309 32.0 136 37.1 344 29.6
>70 55 26.7 289 29.9 135 36.8 311 26.7
Mean age, y 62.3 62.3 65.3 61.4

Sex
Male 91 44.2 614 63.5 193 52.6 742 63.7
Female 115 55.8 353 36.5 174 47.4 422 36.3

Occupation-basedsocioeconomicstatus
High 4 1.9 41 4.2 34 9.3 188 16.2
Medium 53 25.7 314 32.5 158 43.1 569 48.9
Low 147 71.4 608 62.9 172 46.9 404 34.7
Missing 2 0.9 4 0.4 3 0.8 3 0.3

Education
College 31 15.0 176 18.2 112 30.5 483 41.5
Highschool 52 25.2 247 25.5 116 31.6 370 31.8
0-11 y 123 59.7 544 56.3 137 37.3 302 25.9
Missing 0 ... 0 ... 2 0.5 9 0.8

Annualhousehold income.$
High (>_25000) 34 16.5 220 22.8 122 33.2 556 47.8
Medium (10000-24 999) 64 31.1 350 36.2 148 40.3 373 32.0
Low (<10000) 91 44.2 330 34.1 53 14.4 119 10.2
Missing 17 8.2 67 6.9 44 12.1 116 10.0
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TABLE 2--Odds Ratios (ORs) and 95% Confidence Intervals (CIs) for Multiple Myeloma by Socioeconomic Status (SES)
Indicators: Multicenter Population-Based Case-Control Study Among US Blacks and Whites, 1986-1989

Blacks _ Whites a Totalb

Cases Controls OR (95% CI) Cases Controls OR (95% CI) Cases Controls OR (95% CI)

Occupation-based SES
High 4 41 1.00 34 188 1.00 38 229 1.00

Medium 53 314 1.33 (0.45, 3.92) 158 569 1.21 (0.79, 1.85) 211 883 1.22 (0.83, 1.80)
Low 147 608 2.02 (0.70, 5.81) 172 404 1.57 (1.01,2.42) 319 1012 1.71 (1.16, 2.53)
Test for trend P = .01 P = .03 P = .0005

Education

High (college) 31 176 1.00 112 483 1.00 143 659 1.00
Medium (high school) 52 247 1.09 (0.66, 1.79) 116 370 1.06 (0.77, 1.43) 168 617 1.11 (0.86, 1.44)
Low (0-11 y) 123 544 1.32 (0.84, 2.08) 137 302 1.35 (0.99, 1.83) 260 846 1.36 (1.06, 1.75)
Test for trend P= .19 P= .06 P= .009

Annual household income, $
High (>25000) 34 220 1.00 122 156 1.00 156 776 1.00
Medium (10000-24999) 64 350 1.12 (0.70, 1.81) 148 373 1.19 (0.88, 1.61) 212 723 1.24 (0.96, 1.61)
Low (<10000) 91 330 1.48 (0.90, 2.42) 53 119 1.21 (0.80, 1.84) 144 449 1.43 (1.05, 1.93)
Test for trend P = .04 P= .23 P= .010

aORs are adjusted for age, sex, and study area.
bORs are adjusted for age, race, sex, and study area.

TABLE 3_Estimated Percentage Attributable Risk (AR) a in 3 Geographic Areas, _ by Socioeconomic Status (SES) Indicators:
Multicenter Population-Based Case-Control Study Among US Blacks and Whites, 1986-1989

Annual Age-Adjusted Incidence
Rates of Multiple Myeloma

Controls % AR for Medium- Controls % AR for Low- In the 3 In the Absence Explained by
(% in Medium- SES Indicators (% in Low-SES SES Indicators Geographic of Each Low- Each Low-

SES Indicators) (95% CI) Indicators) (95% CI) Areas SES Indicatorc SES Indicatord

Occupation-based SES

Blacks 32.5 6.9 (-14.5, 28.3) 62.9 36.8 (-1.8, 75.5) 13.40/100000 8.47/100000 4.93/100000
Whites 48.9 7.2 (-8.6, 22.9) 34.7 17.1 (3.2, 31.1) 5.15/100000 4.27/100000 0.88/100000

Education

Blacks 25.5 2.2 (-9.6, 14.1) 56.3 14.2 (-7.4, 35.7) 13.40/100000 11.50/100000 1.90/100000
Whites 31.8 1.6 (-7.8, 11.0) 25.9 9.6 (0.0, 19.1) 5.15/100000 4.66/100000 0.49/100000

Annual household income

Blacks 36.2 5.9 (-8.8, 20.6) 34.1 18.8 (2.5, 35.0) 13.40/100000 10.88/100000 2.52/100000
Whites 32.0 7.9 (-4.4, 20.2) 10.2 3.2 (-2.8, 9.6) 5.15/100000 4.97/100000 0.18/100000

Note. CI =confidence interval.

aAIt ARs were adjusted for age, sex, and study area of residence and were based on odds ratios calculated relative to high SES.
bAtlanta, Ga (DeKalb and Fulton counties); Detroit, Mich (Macomb, Oakland, and Wayne counties); and New Jersey (10 counties).
_Estimated incidence rates if cases due to the lowest level of each SES indicator were eliminated.
OEstimated incidence rates attributable to lowest level of each SES indicator.

and multiple myeloma remained. The results the higher odds ratio associated with low SES sociated with low occupation-based SES were

for income were not altered when the number among Blacks than Whites (2.02 vs 1.57) and estimated to be 4.93 per 100 000 among Blacks

of people supported by that income was added the higher proportion of Iow-SES subjects and 0.88 per I00 000 among Whites, yielding

to the lo_stic models. We examined the inter- among Black than White controls (62.9% vs an excess among Blacks of 4.05 per 100 000

action for combined risk factors, such as low 34.7%). The total average annual age-adjusted per year. Low occupation-based SES thus may

occupation-based SES, low income, and low incidence rates of multiple myeloma in the account for 49% of the excess occurrence

education. Combined effects of these variables 3 study, areas combined during the study period among Blacks (i.e., 4.05 of the 8.25 per 100000

were not indicated. The odds ratio for income were 13.40 per 100 000 among Blacks and 5.15 difference in average annual age-adjusted in-

varied by sex. The odds ratio for the lowest cat- per 100 000 among Whites, yielding an excess cidence rates between Blacks and Whites).

egory of income was elevated in women (OR= among Blacks of 8.25 cases per 100 000 per When attributable risk calculations were

2.03, 95% CI= 1.30, 3.16) but not in men (OR= year. The proportion of the disease not ex- done for education and income, our findings

0.96, 95% CI=0.61, 1.53) (data not shown), plained by low SES was applied to the total were as follows: among Blacks, 14% ofmul-

Among Blacks, 37% of multiple myeloma rates to estimate incidence rates in the absence tiple myeloma occurrence was related to low

occurrence was relatedto low occupation-based of low SES (8.47 per 100000 among Blacks education, compared with 10% among Whites

SES, compared with 17% among Whites and4.27per 100 000 among Whites). The av- (low education accounting for 17%oftheex-

(Table 3). This difference is partly the result of erage annual age-adjusted incidence rates as- cess occurrence in Blacks); among Blacks,
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19% of multiple myeloma occurrence was re- perhaps through infection of bone marrow den- poly(adenosine diphosphate [ADP]-ribose)
lated to low income, compared with 3% among dritic cells and production of interleukin 6, a polymerase gene, with an increased frequency
Whites (low income accounting for 28% of the powerful stimulator of plasma cells and pro- of the B allele particularly evident among

"_5"_6
excess occurrence in Blacks) (Table 3). rooter of myeloma cell growth.- - However. Blacks with monoclonal gammopathy of un-

the association between multiple myeloma and determined significance and with multiple
Kaposi sarcoma-associated herpesvirus in- myeloma. 45The higher frequency of this B al-

Discussion fection has not been confirmed. 272s lele among Blacks (35%) than among Whites
Monoclonal gammopathy of undeter- (14%) in the general population 46suggests that

In this population-based case-control mined significance is a common precursor to it may contribute to the higher incidence of
study, we found elevated risks of multiple multiple myeloma29-3°;an infectious agent may monoclonal gammopathy of undetermined sig-
myeloma associated with lower occupation- promote the development &this monoclonal nificance and multiple myeloma among
based SES, education, and income among both garnmopathy or its progression to myeloma. Blacks.
Blacks and Whites. The overall odds ratio of In paraUel with the racial differences in multiple The strengths of our study include its pop-
1.71 (95% CI = 1.16, 2.53) in the lowest myeloma, monoclonal gammopathy ofunde- ulation-based methodolog2y, use of incident
occupation-based SES category is similar in termmed significance appears to be more com- cases, relatively large numbers of Black and
mamaitude to the odds ratio of 1.63 (95% CI = mon in Blacks than in V_'lites3132and less corn- White subjects, in-person interviews of study
1.21, 2.19) reported in a recent US population- mon in Japanese than in Whites, 33suggesting subjects, and an occupation-based measure of
based case-control study 8 and the odds ratio that the origins of multiple myeloma could be SES supplemented by data on income and ed-
of 2.8 (95% CI = 1.6, 3.0) observed in an Ital- clarified by studies of the etiology and natural ucation. The main limitations are the relatively
ian hospital-based case--control study.9Among history of monoclonal gammopathy of unde- low response rates and our inability to ascertain
_ubjects with less than a high school educa- termined significance, and control for unknown confounding factors.
zion, the odds ratio of 1.36 (95% CI= 1.06, Another immunoloNc clue is providedby Of the 3 SES indicators, the occupation-
1.75) in our study is consistent with the risk some studies indicating an excess risk ofmul- based SES showedthe strongest relation to mul-
(OR = 1.5, 95% CI = 1.0, 2.0) reported in a tiple myeloma among patients with autoim- tiple myeloma in both races, raising the possi-
nested case-control study within the Ameri- mune diseases and with certain conditions as- bility that work exposures may contribute to
can Cancer Society cohort. 7 In contrast, ear- sociated with chronic antigen stimulation, the risk associated with low SES. In our study,
lier mortality-based studies of multiple perhaps mediated by interleukin 6 production the low-SES jobs varied widely and included
myeloma found positive associations with so- and stimulation of B-cell differentiation. 3In our clerks, household workers, janitors, painters,
cial class, possibly because persons of higher study population, an excess risk was observed waiters, nurses' aides, construction workers,
social class had better access to diagnostic fa- among Blacks with a history of autoimmune machine operators, metal workers, production
cilities, *-6whereas other studies have indicated disease but not among Whites. 34An excess risk workers, assemblers, and truck drivers. Our
no clear relation to social class. 18-22 of multiple myeloma also has been suggested preliminary analyses showed significantly in-

In our study, low occupation-based SES among patients with AIDS, although further creased risk of multiple myeloma for 2 &these
accounted for 37% of multiple myeloma in work is needed to clarify this association. 35 low-SES jobs: nurses' aides (OR=2.62, 95%
Blacks but only 17% inWhites because ofthe The role of lifestyle and other environ- CI= 1.36, 5.03) andmetal andplastic process-
much hig_herpercentage of Black (62.9%)than mental factors associated with SES warrants ing machine operators (OR = 3.82, 95% CI=
White (34.7%) controls in the low-SES cate- further study, although no relation was found 1.12, 12.99). When subjects with these occu-
gory. In addition, the risk associated with low with tobacco or alcohol use in our study pop- pations were removed from analysis (20 cases
SES was somewhat greater among Blacks than ulation.36Dietary and nutritional characteristics and 27 controls), the elevated risk of multiple
Whites. If low SES, as a proxy for true risk rarely have been studied as potential risk fac- myeloma for occupation-based low SES was
factors, is causal_ related to the risk of multiple tors for multiple myeloma, although a relation not substantially altered.
myeloma, then it may account for 49% of the to obesity has been suggested. 37Occupational We also considered potential biases in our
excess incidence observed among Blacks. At- exposure to certain solvents and pesticides may study.The relation between low SES and poor
5butable risk calculations, however, are af- play a role,3_2 but the evidence is inconclusive, prognosis 47may have affected the distribution

t_.cted by how SES is measured (e.g., income, Genetic determinants also may be in- of interviewed vs eligible cases. However, any
education, occupation-based index) and what volved, particularly in explaining the portion loss of low-SES cases would have underesti-

lteria are used to categorize the data for the of the excess risk among Blacks that is unre- mated the association of multiple myeloma risk
_elected SES measure, lated to social factors. In both races combined, with low SES. If this effect were differential

Low social class may be a surrogate for a we found a significant 4-fold increased risk in by race, the estimates of attributable risk might
set of negative environmental characteristics, subjects reporting a first-degree relative with have been influenced, but such an effect seems
such as poor housing, dangerous jobs that may multiple myeloma, in line with clinical surveys unlikely because the nonresponse rates due to
result in differential exposure to occupational suggesting a familial tendency.43Although risks death or serious illness were similar among
carcinogens, unemployment, lack of access to associated with a family history of hemato- Blacks (26.8%) and Whites (28.1%).
medical care. stressful home or work environ- l?xnphoproliferative (HI,A) cancer were higher In summary, this case-control study in-
ments, poor nutrition, and exposure to infec- in Blacks than in Whites, the difference in odds dicated that the risk of multiple myeloma in-
tious agents. 23The specific SES-related expo- ratios was not significant. Furthermore, in our creases with decreasing SES, whether mea-
sures that contribute to the higher incidence of study population, the risk of multiple myeloma sured by occupation-based SES, income, or
multiple myeloma among US Blacks are un- was associated with the HLA-Cw2 antigen, education, and it quantified for the first time the
clear, but suspicion has centered on possible in- which was related to 18% of the cases among amount of the excess incidence in Blacks that
fectious agents and immunoloNc mechanisms. Blacks and 11% of the cases among Whites mav be attributable to SES. Further research,

Studies have suggested that Kaposi but did not fully account for the higher inci- particularly in the area of molecular epidemi-
sarcoma-associated herpesvirus, also known dence among Blacks.44Another genetic marker ology, is needed to uncover the environmental
as human herpesvirus 8, may be involved, 24 is suggested by a polymorphism of the and genetic determinants of multiple myeloma
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